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Neurodevelopmental Aspects ofAdolescence:
Commentary on Conference on Strength and

Potentials ofAdolescence
Surprisingly, specific aspects of the normal neurodevelopment

of adolescence were omitted from the Conference on Strength and
Potentials of Adolescence, held in 1991 by the Committee on
Public Health of the New York Academy of Medicine.
The term "biology" is included in one presentation1 but not

discussed, and Blum's2 summary of the Conference emphasizes:
the "promotion of healthy behavior," wishing this theme "were
stronger"; the need for "carefully examining problems"; and the
need for longitudinal research in the three models presented by
Brooks-Gunn and Paikoff,3 which addressed ecology, family sys-
tems, and vulnerability. No Conference participant discussed any
neurobehavioral aspects of adolescence, which overlap with and
impact on all three models. In my experience,4-9 the study of such
aspects does not necessitate expensive programs. The following
summary may suggest ways in which the potentials of adolescents
might be viewed with reference to their neurodevelopmental
milieu.

Neurodevelopmental Vulnerability ofAdolescents
Essential aspects of typical adolescents' behavior are illumi-

nated when one considers the normally late anatomical maturation
of the orbital frontal lobes, in terms of both myelination10 and
synaptic cell density.1" The maturation of the frontal lobe system
normally does not even approach completion before puberty and
can be further delayed in its normally slow process, lasting beyond
puberty and way beyond its initial spurt around age 4 or 5.5- Such
maturational delay-as is the case with all late maturing
systems-is typically associated with a dearth of specifically
challenging ecological input, such as is provided by family and
school systems.
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Behavioral maturation is partly a function of orbital frontal lobe
maturation. Consider that the adolescent age group contributes
the highest percentage of all fatal car accidents and crimes.8
Similarly specific, although minor, "misbehavior" has been iden-
tified in children with attention deficit disorder (formerly called
minimal brain dysfunction).59 Obviously, the consequences of
young children's immature frontal lobe system are not as severe as
those of adolescents, who face more complex demands on action
behavior. Note that the most descriptive term, "impulsivity," does
not adequately specify the characteristic aspects of the form
(not of the content) of action behavior shared by children and
adolescents. "Immaturity" seems more accurate, both from a
neurodevelopmental and behavioral perspective.

Frontal Lobe Mediation of Complex Activities
Essential frontal-lobe- governed behavior concerns the ability to

plan a course of rule-governed action while considering several
potentially conflicting options. Mature frontal lobe functioning
enables one to consider the future (late) consequences of acts and
to keep in mind the plan and the set of rules, ready to change them
appropriately according to suddenly intervening circumstances
during an ongoing activity (e.g., while driving a car).12'13 Specifi-
cally, such "executive" functioning includes the ability to hold the
set of rules "on line" in representational "working" memory,
enabling nonimpulsive, "delayed" responses,14 as was noted in a
polygraph study of autonomic responses to social stimuli.15

Previous clinical observations and results from experimental
testing with control groups using the Trail Making Test B and/or
the Clinical Narratives Test7-9 are congruent with the neuroana-
tomical evidence in specifically implicating frontal lobe dysfunc-
tioning in several behavioral disorders ranging from attention def-
icit disorder to "delinquency" and "crime."5-9 Various objective
test findings also support these findings: Zambelli and col-
leagues'16 studies of auditory evoked potentials in formerly hyper-
active boys; Duffy's17 BEAM studies of some adolescents; and a
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PET scan study of adults with persistent attention deficient
disorder by Zametkin et al. 18

Future Research
Future research on orbital frontal lobe development and asso-

ciated behavior could proceed in two steps:
1. Evaluation of comparison groups by the specific analysis of the

form (not content) of accounts of actual and/or invented action
behavior. Emphasis would be placed on the ability to switch
ongoing activities appropriately, as detected especially by a
form analysis of the Clinical Narratives Test.7-' Typically, such
accounts are already available in school composition assign-
ments and/or in recorded talk material from "rap" sessions.
Objective tests, such as EEG, BEAM, PET, and/or MRI, as
well as additional neuropsychological tests of frontal lobe func-
tioning, such as the Trail Making Test B or the Wisconsin Card
Sorting Test, the utility of which has been demonstrated,49 can
be added.

2. After identification of low-level performance on these tests
(implicating maturational lag of the frontal lobe system), the
poor performers can be divided into an experimental and a
control group. The experimental group can be exposed to
specific exercises, characterized by challenging the specific
frontal-lobe-mediated abilities described above. All such ex-
ercises are actually or potentially available to school systems.
Examples of such activities might include certain sports or
other physical activities, certain video games such as simu-
lated car driving 9, and/or narrated complex riddles. All such
exercises would especially tap the aforementioned frontal
lobe functions, including rule- (value-) based decision
making during the reprogramming of an ongoing activity.

As an inducement for such exploration of adolescence-related
social problems, recall that initially inexpensive clinical studies4-9
were able to implicate specifically the frontal lobe system before
support by expensive, even intrusive, laboratory test results two
decades later.
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This sequence of events should encourage experienced clini-
cians in diverse psychosocial fields of endeavor to work on this
pressing problem.20

Practical Application for Remediation
If on re-testing the experimental group shows progress over the

control group, prescribed specific activities can be recommended
as appropriate, refined, action-based exercises to foster the matu-
rational process of the late-evolving frontal lobe system.
A caveat is in order: Practice has to feature a hands-on type of

action (including external and "inner speech"). Although cogni-
tive instruction is necessary to establish a system of rules (e.g.,
values), didactic instruction alone has proven insufficient. Such
failures are related to the well-known fact that knowing and doing
are rarely the same. Such a "dissociation between knowing and
doing"12 is characteristic of frontal lobe dysfunction.

In general, practice has long been observed to increase func-
tioning. Recent technologically refined methods have been able to
pinpoint neuroanatomical brain changes caused by practice.21,22

Practice is particularly essential for postnatally late evolving
functieons. such as those mediated by the frontal lobe system. It is
reasonable to conclude that age-inappropriate overprotection of
children and adolescents (which does not challenge their abilities
but encourages passivity and takes away responsibility for the
youngsters' actions and their consequences) impedes and delays
such already normally late-evolving maturation, so that the prob-
lems of social "misbehavior" can persist beyond adolescence into
young adulthood, as reflected in crime statistics.8'20
ANNELIESE A. PONTIUS, MD
Associate Clinical Professor of Psychiatry, Fellow
Harvard Medical School, Boston
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